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Abstract.  Stimulation  of  human  blood  monocytes  (adherent  mononuclear  cells)  and  the  monocytic  cell  line, 
THP-1,  by  IL-1  or  TNF-a  leads  to  the  up-regulation  of  IFN-y  receptors.  Scatchard  analysis  using  ’-’  ’l-IFN-y  revealed 
a  twofold  increase  in  the  number  of  IFN-y  receptors  on  THP-1  cells  without  an  alteration  m  the  affinity  of  the 
receptor.  The  potential  functional  significance  of  this  induction  of  IFN-y  receptors  on  monocytes  and  THP-1  cells 
was  investigated  by  examining  the  effect  of  IFN-y  on  MHC  class  II  Ag  expression  by  these  cells.  Both  IL-1  and 
TNF-a  enhanced  the  IFN-y-induced  HLA-DR  expression  Otwofold)  and  this  effect  was  inhibited  by  antibody  to 
IFN-y.  In  the  case  of  human  monocytes,  IL-1  or  TNF-a,  each  by  themselves  also  increased  HLA-DR  expression, 
which  was  also  abrogated  by  antibody  to  IFN-y.  The  data  suggest  that  the  immunopotentiating  effects  of  IL-1  and 
TNF-a  are  mediated  in  part  by  enhancing  IFN-y  receptor  expression  on  monocytes  and  macrophages.  This 
presumably  would  increase  the  capacity  of  IFN-y  to  activate  macrophages,  enabling  them  to  express  HLA-DR  and 
present  Ag  more  effectively.  Journal  of  Immunology,  1993,  150:  1205. 


IFN-y,  a  lymphokine  produced  by  activated  T  cells,  is 
a  potent  activator  of  monocytes  and  macrophages. 
IFN-y  initiates  its  biologic  effects  by  binding  to  spe¬ 
cific  cell-surface  receptors  on  these  cells  (1,  2).  TNF-a  is 
known  to  synergize  with  IFN-y,  resulting  in  a  number  of 
augmented  biologic  effects,  such  as  antimicrobial  and  an¬ 
titumor  activity  (3,  4).  A  number  of  cytokines,  including 
IL- 1  and  TNF-a,  are  known  to  regulate  the  expression  of 
receptors  for  other  cytokines  and,  thereby,  amplify  their 
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biologic  respttnses  both  in  vitro  and  in  vivo  (5-12!.  It  is  of 
interest  to  study  the  regulation  of  IFN-y  receptors  by  cy¬ 
tokines  that  synergize  with  IFN-y.  Therefore,  we  investi¬ 
gated  whether  IL- 1  and  TNF-a  could  affect  the  binding  of 
IFN-y  to  its  receptors  and  whether  this  influences  func¬ 
tional  effects  of  IFN-y,  such  as  its  capacity  to  induce  the 
expression  of  MHC  class  II  Ag  on  monocytes  and  the 
monocytic  cell  line,  THP-1. 

Materials  and  Methods 

Materials 

Human  rll  -  la  (sp.  act.  2  X  10’  U/mg),  and  human  rIL-10 
(sp.  act.  9  X  to'  U/mg)  were  provided  by  Dainipptin 
Pharmaceutical  Co.  Inc,  (Osaka,  Japan)  and  Du  Pont  (Gle- 
nolden,  PA),  respectively.  Human  rTNF-a  (sp.  act  2  x 
10’  U/mg)  and  peroxidase-conjugated  goat  anti-mouse 
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IgCJ  aniiboily  were  purehused  tVoni  Boehringer-Mannheini 
(IndsanapoliN.  IN).  AiHiserum  against  human  irN-y  (KKK) 
neuirali/ing  U/ml)  was  obtained  t'rom  Interferon  Scienees 
(New  Brunswick.  NJ).  The  speeifieity  of  this  antibody  was 
dociinienied  by  its  ability  to  block  the  aniis  iral  activity  of 
!FN-y  but  no:  that  of  IFN-o  or  IFN-^J  in  WISH  cells.  This 
antibody  was  also  effective  in  blocking  the  HL.A-DR  en- 
hanceinenl  induced  by  IFN-y,  but  not  that  by  II. -4.  in 
PBMC.  .Anti-human  HLA-DR  and  purified  mouse  lg(» 
were  from  Becton  Dickinson  (Mountain  View.  C’A). 
OKMl  and  Leu  Ml  (anti-human  monocyte/macrophage) 
antibodies  were  kindly  provided  by  Dr.  John  Ortaldo.  LFI. 
BR.MR  National  Cancer  Institutes.  Frederick,  MD. 

Cell  culture 

The  human  tiionocytic  leukemia  cell  line.  THP-1,  was 
cultured  in  RPMI  1640  and  lO'f  FC'S  at  1  x  10'' cclls/ml 
w  ith  or  without  cytokines.  Tubes  containing  2  ml  of  cells 
were  used  for  ‘’“'l-lFN-y  binding  and  06-well  plates  with 
0.1  ml  volume  of  cell  suspension  per  well  were  used  for 
HLA-DR  determination. 

Human  PBMC  were  isolated  by  Ficoll-Hypaquc  density 
centrifugation  of  heparini/ed  blood  from  normal  donors. 
PBMNC  were  plated  at  O.K  to  i.5  x  H)^  cells/weli  in 
24-wcll  plates  (for  '-“'I-lFN-y  binding  assay)  or  at  O.X  to 

1  X  10''  cells/well  in  96-well  plates  (for  HLA-DR  assay) 
in  RPMI  containing  heat-inactivated  FCS  and  al¬ 
lowed  to  adhere  for  2  h  at  .J7'’C.  Nonadherent  cells  were 
removed  by  four  vigorous  washings  of  the  cultures.  The 
remaining  adherent  PBMC  were  9.S  to  99''y  esterase-pos¬ 
itive  cells.  Cells  were  then  incubated  w  ith  cytokines  for  16 
to  19  h  before  assays  of  '‘'l-IFN-y  binding  or  tor  I  tt)  2 
days  before  assays  of  Hl.A-DR  expression. 

IFN-y  receptor  binding 

Binding  studies  with  '■"’I-IFN-y  (sp.  act.  67.‘i  Ci/nimol. 
/Amersham.  Corp.,  Arlington  Heights.  IL)  were  performed 
at  4  C  for  HO  min  in  RPMI  medium  containing  IO'y  heat- 
inactivated  FC.S.  0.  Kf  NaN,.  and  20  mM  HEPFS.  lair 
Scatchard  analysis.  THP-1  cells  were  incubated  with  seven 
serial  twofold  dilutions  of  '-"'l-IFN-y.  ranging  from  0.1  to 

2  nM  in  the  absence  or  presence  of  2.‘i0-fold  molar  excess 
of  unlabeled  human  rIFN-y  (Collaborative  Research.  Bos¬ 
ton,  M.A)  to  determine  total  and  nonspecific  binding,  re¬ 
spectively.  The  binding  reaction  mixture  (0.2  mi)  was  then 
overlaid  on  a  20'/<  sucrose  gradient  and  centrifuged 
( lO.(HK)  X  e)  for  2  min.  .Supernatant  cvmtaining  free  ligand 
was  removed  and  the  cpm  of  ' ’“’l-lFN-y  bound  to  cells  was 
determined  by  excising  tips  of  tubes  and  counting  them  in 
a  gamma-counter  (Beckman  Instruments  Inc.,  Irvine,  CA). 
Nonspecific  binding  usually  did  not  exceed  2.'r')f  of  the 
total  binding. 

Binding  of  '-'l-IFN-y  to  hutnan  tidherent  PBMC  was 


determined  directly  on  24-well  plates  Cells  were  washed 
after  cytokine  treattnetit  with  PBS.  and  0  ml  of  binding 
butter  containing  O  S  n.M  of  '■‘'LII  N  y  was  added  Atfer 
binding  at  4  C  for  SO  mm.  supernatants  were  retnoved  and 
plates  were  washed  twice  with  cold  PBS  containing  (f  I'i 
NaNi.  Cells  were  solubili/ed  with  0  4  ml  ol  0  2  S  NaOH 
and  the  radioactivity  was  determined  m  a  gamma  counter 
Nonspecific  binding  was  deteritimed  as  for  PHP  I  cells  hv 
using  a  2.S0  fold  molar  excess  ol  unlabeled  human  rIFN  y. 
and  was  subtracted  from  total  binding  to  calculate  specific 
binding  To  calculate  the  number  ol  receptors  and  A'.,, 
specific  binding  data  were  plotted  according  to  Scatchard 
( 1.^).  A  least  squares  linear  regression  was  used  to  give  an 
objective  measurement  ol  goodness  of  fit  m  valculating  the 

a;,. 

.Mtmsu.amont  ot  HL.A-DR  expression  on  cells  l)v 
ELISA 

Cells  in  96-well  plates  were  vvashed  with  PBS  and  tixed 
with  ethanol.  Plates  were  incubated  w  nh  .SO  pl.'well  of  PBS 
containing  HX)  pg/ml  human  IgCj  (Sigma  Chemical  Co,. 
St.  Louis.  MO).  lO'c  heat-inactivated  F-'CS.  O.O.SN  Tween 
20.  .S  pi  ol  mouse  mAb  (anii-HL.A-DR.  or  OKMl  or  Leu 
Ml)  at  C  for  .SI)  min.  and  were  washed  twice  with 
buffer  (PBS  with  2'V  heui-inaetixaied  FCS  and  0.0^', 
Tween  20),  O.l  ml  of  horseradish  peroxidase-eon)Ugaied 
anti-mouse  antibody  was  added  to  each  welt  and  meubaied 
at  .^7  C  for  ,J()  min.  Plates  were  washed  three  limes  and  the 
bound  cn/yme  was  quaniituieJ  at  410  nm  (.\1R6(X)  Miero- 
plaie  Reader.  Dynateeh.  Alexandria.  \Ai  by  using  2-2  - 
a/ino-di-(,^-elhy Iben/ihia/oline  sulfonate)  and  hxdrogen 
peroxide  as  substrates  (Kirkegaard  and  Perry  l.ab.  (iailh- 
ershurg.  MD).  Controls  of  another  surface  Ag  (Leu  Ml 
and  OKMl  for  THP-1  and  monocytes,  respeetixely  i  not 
modulated  by  cytokine  treatments  xxere  included  in  -each 
experiment. 

Results 

IL-1  and  TNE-cn  onhance  binding  of  I  IfN-y  to 
THP-)  cells  and  adherent  PBMC 

Expression  of  IF'N-y  receptors  on  THP-1  cells  was  as¬ 
sessed  by  the  binding  of  ' ’“'l-labeled  IF-'N-y,  Tabic'  I  shows 
the  effect  of  varying  doses  of  IL-I  and  TNF-ct  on  the 
expression  of  IFN-y  receptors  on  these  cells.  There  was 
little  variation  in  the  induction  of  these  receptors  over  a 
wide  dose  range  ( I  ()-2IX)  ng/ml)  of  IF,- 1 .  Hciwever.  TNF'-o 
at  lower  concentrations  (2(M)  L/ml)  was  not  effective 
Thus,  after  19  h  exposure  of  these  cells  to  HX)  ng/ml  IF.-  i . 
the  binding  to  IF-N-y  receptors  increased  to  I46''(  c>t  the 
untreated,  medium  control  (Tabic  I).  TNF-o  at  2(XX)  LVml 
similarly  increased  the  binding  of  IF-N-y  to  its  icccpiois  b\ 
\AT)i. 

The  time  course  for  the  enhancement  of  IFN-y  receptors 
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14100  ±  900 
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1 8700  ±  800 
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•'THP-1  cells  (2  X  I0’’i  were  of  tor  19  h  l>etOfe  ’‘’’MFS-y 

binciio}^. 

•’  Average  ±  SD  for  duplicates  from  one  or  two  experiments. 


FIGURE  1.  Time  cours''  of  '-’I-IFN7  binding  to  IL-1  and 
TNF-a-treated  THP-i  cells.  THP-1  cells  (2  x  10'’l  were  in¬ 
cubated  with  100  ng/ml  of  IL-1  (O)  or  2000  U/ml  of  TNF-a 
(A)  for  various  time  at  37°C.  '■^^l-IFN-y  binding  was  deter¬ 
mined  with  0.8  nM  of  '•'^I-IFN-7  as  described  in  Materials 
and  Methods.  Untreated  cells  bound  14,000  cpm  of  '“‘’I- 
IFN-7.  This  quantity  was  subtracted  from  the  bound  cpm 
shown. 

by  IL-1  and  TNF-a  was  also  examined.  Significant  en¬ 
hancement  became  detectable  at  4  h  in  IL-1  or  TNF-a- 
treated  THP-1  celts  (Fig.  1).  Enhancement  of  IFN-y  re¬ 
ceptors  was  maximal  at  17  h. 

We  next  studied  the  effect  of  these  two  monokines  on 
the  expression  of  IFN-y  receptors  on  adherent  PBMC  from 
normal  adult  volunteers.  IL- 1  and  TNF-a  each  increased 
the  binding  of  '^^I-lFN-y  to  human  PBMC  (Table  II). 
Thus,  the  amount  of  bound  ‘^’l-IFN-y  was  increased  to 
141  and  \449c  by  IL-1  and  TNF-a,  respectively. 

Increase  of  IFN-y  receptor  number  on  THP-1  cells 

Stimulation  of  '^‘^I-IFN-y  binding  to  adherent  PBMC  and 
THP-1  cells  may  be  due  to  increased  receptor  affinity  or 
increa.sed  receptor  number.  To  address  this  issue,  THP-1 
cells  were  incubated  in  the  absence  or  presence  of  IL- 1  at 
37°C  for  16  h  and  binding  was  assayed  (Fig.  2).  Scatchard 
analysis  of  the  binding  data  revealed  that  unstimulated 
THP-1  cells  displayed  .3200  receptors  per  cell  with  a  K^i  of 
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FIGURE  2.  Binding  of  '-’^’l-IFN-y  to  untreated  and  IL-1 
I  eated  THP-1  cells.  THP-1  cells  were  incubated  with  SO 
ng/ml  of  IL-1  (O)  or  medium  (0)  for  1 6  h  at  ,37"C.  '-'’l-lFN-y 
binding  was  determined  as  described  in  Materials  and  Meth¬ 
ods. 

1.4  X  10~'"  M.  whereas  6900  receptors  per  ceil  with  a 
of  1.5  X  10""’  M  were  found  on  IL-l-treated  cells  (Fig.  3). 
Thus,  the  increase  in  IFN-y  binding  capacity  upon  lL-1 
treatment  on  THP-1  cells  was  caused  by  an  increa.se  in  the 
receptor  number  and  was  not  due  to  an  alteration  in  the 
affinity  of  binding.  Due  to  the  high  doses  of  TNF-a  used, 
we  did  not  assess  the  affinity  of  binding  in  TNF-a-treated 
cells  by  Scatchard  analyses. 

Enhancement  of  IFN-y-induced  HLA-DR  expression 
on  THP-1  cells  by  IL-1  and  TNF-a 

These  findings  suggested  that  IL-1  and  TNF-o  might  fa¬ 
cilitate  the  effects  of  IFN-y.  We  and  others  previously 
reponed  that  IFN-y  induces  moncxryte  HLA-DR  Ag  ex¬ 
pression  (14—16).  We  therefore  investigated  whether  the 
increa.se  in  IFN-y  receptors  would  lead  to  an  increase  in 
HLA-DR  expression  on  these  cells. 

The  basal  level  of  HLA-DR  expression  was  low  on 
THP-1  cells  (Fig.  4).  lL-1  or  TNF-a  alone  did  not  induce 
HLA-DR  expression,  whereas  IFN-y  induced  Hl-A-DR  in 
a  dose-dependent  manner.  IL- 1  enhanced  the  IFN-y  induc¬ 
tion  of  HLA-DR  on  THP-1  cells  by  up  to  twofold  at 
various  concentrations  tested.  .Similar  results  were  ob¬ 
tained  with  TNF-a  and  IFN-y;  HLA-DR  expression  was 
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bound  (pM) 

FIGURE  3.  Scatchard  analysis  of '-"'I-IFN-7  binding  to  un¬ 
treated  and  IL-1 -treated  TFtP-1  cells.  Data  were  taken  from 
Figure  2  and  replotted  according  to  Scatchard.  Shown  is  one 
representative  experiment  o:  two. 
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FIGURE  4,  Enhancement  of  IFN-y-induced  HLA-DR  ex¬ 
pression  on  THP-1  cells  by  lL-1  and  TNF-o.  THP-1  cells  (1  x 
10’)  were  cultured  in  the  presence  of  IL-1  f  100  ng/ml),  TNF-o 
(2000  U/ml),  IFN-7  (U/ml  as  indicated),  anti-IFN-y  (50  neu¬ 
tralizing  unit/ml)  or  medium  alone  for  48  h  at  i7°C.  Cells 
were  quantitated  for  HLA-DR  expression  by  ELISA.  Data 
were  normalized  to  the  surface  expre.ssion  of  an  unmodu¬ 
lated  antigen  by  using  Leu  Ml  antibody  (OD4,,,  =  0.42).  B<ir 
represents  the  mean  and  the  SD  of  duplicates.  Results  were 
representative  of  three  experiments. 

progressively  increased  with  greater  doses  of  FFN-y  used 
in  these  experiments  ( 10  to  4(X)  U/ml).  The  enhancement 
of  HL.A-DR  expression  by  cytokines  was  maximal  at  48  h 
(data  not  shown).  Leu  Ml.  a  marker  for  human  my- 
elomonocytic  cells,  was  used  as  a  control,  and  its  expres¬ 
sion  was  not  altered  by  these  cytokine  treatments.  Antise¬ 
rum  to  IFN-y  blocked  both  the  IL-1  and  IFN-y  as  well  as 
TNF-a-  and  IFN-y-induced  HLA-DR  expre.ssion  com¬ 
pletely. 
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FIGURE  5,  EnheUfL ciiitfj II  (.>1  (  iLn-Ok  t*x(,jiesMon  (jn  iiunicin 
monocytes  by  IL-1,  TNF-n,  and  IFN  y.  .Adherent  PBMC  il 
lO’)  were  cultured  in  the  presence  of  IL-1  (lOOng'mh,  T,NF-a 
(2,000  U/ml),  IFN-y  (U/ml  as  indic  ated),  anti-lFN-y  (50  NL.) 
ml),  or  medium  alone  for  48  h  at  J7T'  (  ells  were  quanti¬ 
tated  for  HLA-DR  expression  by  ELISA.  Data  wen*  norm.il- 
ized  to  the  surface  expression  of  an  unmodulated  Ag  b\  using 
OKMl  aniiljody  tODj,,,  =  0.72),  Differences  in  HLA-DR 
expression  were  analyzed  for  signific  ance  bv  Student's  l-test 
for  paired  samples  (*p  -  0  0b,  "p  ~  0  01,  *”p  -■  0.01;. 
Results  were  representative  of  three  experiments. 

The  enhancement  of  IFN-y  induced  HLA-DR  expres¬ 
sion  on  THP-1  cells  by  IL-1  or  TNF-a  was  seen  only  if 
cells  were  treated  first  with  IL-1  or  TNF-a  and  then  with 
IFN-y.  or  simultaneously  with  IL-I  and  IFN-y  or  TNF-a 
and  IFN-y  (data  not  shown).  When  the  treatment  with 
IFN-y  preceded  that  w  ith  lL-1  or  TNF-a.  HLA-DR  induc¬ 
tion  could  be  accounted  for  by  the  action  of  IFN-y  alone. 
Thus,  there  was  a  temporal  correlation  between  IL-I-  or 
TNF-a-induced  increases  in  IFN-y  binding  and  the  sub¬ 
sequent  HLA-DR  enhancement. 

Enhancement  of  HLA-DR  expression  on  adherent 
PBMNC  by  IL-1,  TNF-a  and  IFN-y 

We  further  examined  the  relationships  of  these  cytokines 
to  the  induction  of  MHC  class  II  Ag  on  PBMC  from 
normal  adult  volunteers,  Cimsistent  with  our  previous 
observation,  the  constitutive  level  of  HLA-DR  .Ag  on 
PBMC  was  quite  high  (OD  =  0.54)  (Fig.  5).  IFN-y  further 
raised  this  level  at  the  various  concentrations  tested.  De¬ 
spite  previous  reports  that  IL-I  does  not  directly  induce 
class  II  MHC  on  macrophages  (17.  18).  we  observed  that 
IL-I  alone  significantly  enhanced  HL,A-DR  expression  on 
adherent  PBMC  above  the  ba.sal  level  (OD  =  0,8 1 2 1. 
TNF-a  also  induced  HLA-DR  expression  bv  itself, 
F-urthermore.  as  with  the  THP-1  ceils,  both  IL-I  and 
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TNF-a  potentiated  the  IFN-7-induced  HLA-DR  expres¬ 
sion  at  different  doses. 

We  also  investigated  whether  the  induction  of  MHC 
class  11  Ag  on  adherent  PBMC  was  mediated  by  IFN-7. 
This  possibility  was  supported  by  the  complete  inhibition 
of  HLA-DR  expression  by  anti-IFN-7  antibodies  when 
IL-1  and  IFN-7  or  TNF-a  and  IFN-7  were  used  (Fig.  5). 
Anti-IFN-7  also  abrogated  the  IL-1 -mediated  induction  of 
HLA-DR  expression  on  these  cells.  Collectively,  these 
data  suggest  that  increased  induction  of  IFN-7  receptors 
by  IL-i  and  TNF-a  leads  to  an  enhancement  of  MHC  class 
II  expression  on  monocytes  and  THP-1  cells. 

Discussion 

lL-1  was  initially  de.scribed  by  immunologists  as  a  mac¬ 
rophage-derived  cytokine  with  comitogenic  effects  on  thy¬ 
mocytes  and  T  lymphocytes  ( 19).  In  the  intervening  years, 
IL-1  has  been  found  to  be  produced  by  many  other  cell 
types  and  to  have  pleiotropic  activities  (20).  Ironically,  the 
paradigm  that  IL-1  participates  in  promoting  the  activation 
of  T  lymphocytes  by  APC  has  been  challenged  by  recent 
experiments  showing  that  neither  anti-IL-1  receptor  anti¬ 
bodies  to  the  type  I  IL-1  R  nor  IL-1  receptor  antagonist  has 
the  capacity  to  interfere  with  APC-mediated  activation  of 
in  vitro  lymphoproliferation  responses  (21,  22).  Neverthe¬ 
less.  in  vivo  administration  of  IL-1  has  considerable  ad¬ 
juvant  effects  and  can  enhance  cellular  (23)  as  well  as 
humoral  immune  responses  (24,  25).  The  basis  for  the 
immunopotentiating  effects  of  IL- 1  is  therefore  now  less 
clear  than  ever.  IL-I  is  still  believed  to  promote  the  pro¬ 
duction  of  IL-2  (26)  and  the  expression  of  the  lL-2Ra 
chain  by  T  and  B  lymphocytes  (27).  IL-I  may  also  aug¬ 
ment  immune  responses  by  inducing  other  immunostimu- 
lant  cytokines  such  as  IL-4  (28),  IL-6  (29).  and  TNF-a 
(30). 

TNF-a  was  initially  discovered  as  a  serum  antitumor 
activity  (31)  and  only  recently  found  to  have  many  immu¬ 
nopotentiating  activities  that  overlap  with  those  of  IL-l. 
perhaps  mediated  by  induction  of  IL-2Ra  (32).  TNF-a 
also  is  a  comitogen  for  thymocytes  (33).  but  unlike  IL-L 
TNF-a  has  previously  been  reported  to  induce  IFN-7  pro¬ 
duction  (32)  and  to  costimulate  with  IFN-7  MHC  class  II 
expression  (34,  35).  These  capabilities  may  contribute  to 
the  immunostimulant  effects  of  TNF-a  in  promoting  tu¬ 
mor  immunity  (36)  and  enhancing  antibody  production  in 
vitro  and  in  vivo  (37,  38). 

Our  experiments  show  for  the  first  time  that  both  IL-I 
and  TNF-a  have  the  capacity  to  increase  the  number  of 
binding  sites  for  IFN-7  up  to  twofold  on  cultured,  adherent 
human  mononuclear  cells,  and  on  homogeneous  THP-I 
cells.  The  effect  of  this  increase  in  IFN-7  binding  on  the  as 
yet  unidentified  signal  transducing  peptide  for  IF'N-7. 
which  is  coded  for  on  chromosome  21  (39),  remains  to  be 


established.  However,  we  were  able  to  show  up  to  iwulold 
increases  m  MHC  class  11  .Ag  expression  on  IL-I  plus 
IFN-7  as  well  as  on  TNF-a  plus  IF.N'-y-siimulaled  mona 
nuclear  and  THP-1  cells.  Although  this  merely  represents 
a  correlation,  nevertheless  the  relationship  between  the 
up-regulation  in  IFN-7  binding  and  class  II  expression  was 
reinforced  by  the  observation  that  the  latter  change  could 
be  completely  bliKked  by  antibody  to  IFN-7,  The  antibody 
to  IFN-yeven  blocked  the  increase  in  class  11  expression 
by  mononuclear  cells,  which  was  induced  by  IL-I  or 
TNF-a  by  themsehes,  presumably  because  some  ol  the 
contaminant  T  cells  produced  low  levels  of  the  lI  N-y 
costimulant.  This  view  is  supported  by  the  inability  of 
cither  IL-I  or  TNF-a  to  induce  .MHC  class  II  receptors  on 
“pure”  THP- 1  cells,  despite  the  up-regulation  of  the  IFN-v 
binding. 

These  findings  are  consistent  w  ith  a  report  of  a  direct 
correlation  of  the  degree  of  response  to  IFN-7  and  the 
number  of  IFN-7  receptors  on  different  tumor  cells  (4()i: 
cells  with  higher  number  of  IFN-y  receptors  responded  to 
lower  concentrations  of  IF.N-y.  Other  reports  on  the  mag¬ 
nitudes  of  induced  cy  tokine  receptor  levels  and  their  bio¬ 
logic  responses  vary.  For  example,  TNF-a  increased  the 
high-affinity  IL-2  receptors  on  T  cells  by  50^7  and  en 
hanced  the  proliferative  response  by  30^1  (6).  Up  to  two¬ 
fold  (5.  7.  8,  12)  and  occasionally  higher  levels  (9-1 1 1  of 
receptor  induction  have  also  been  observed.  We  do  not 
know  whether  IL-I  or  TNF-a  is  involved  in  augmenting 
signal  amplification  pathways  subsequent  to  receptor 
binding. 

The  magnitude  of  the  increase  of  IFN-7  receptors  by 
IL-1  or  TNF-a  on  adherent  PBMC  or  THP- 1  cells  agrees 
with  repons  of  other  cytokine-induced  receptor  levels 
(5-8.  12).  A  number  of  other  cytokines  including  IL-4. 
IL-6.  and  IL-IO  did  not  induce  IFN-7  receptors  (data  not 
shown).  Thus,  this  activity  was  unique  for  IL-I  and 
TNF-a.  Although  the  constitutive  level  of  HL.A-DR  was 
high  in  adult  adherent  PBMC.  both  IL-I  and  TNF-a  were 
capable  of  increasing  this  basal  level  funher.  The  combi¬ 
nation  of  cytokines,  either  lL-1  and  IFN-7  or  TNF-o  and 
IFN-7,  enhanced  the  HLA-DR  expression  even  further 
This  enhanced  HLA-DR  expression  is  important  for  bio¬ 
logic  function  because  it  has  been  shown  that  T  cell  pro¬ 
liferative  response  to  Ag  is  proportional  to  the  number  of 
la  molecules  on  the  surface  of  APC  (41 ). 

Reports  on  the  mechanism  for  the  increase  of  IFN-y 
receptors  by  TNF-a  were  published  recently  (42.  43). 
TNF-a-mediated  up-regulation  of  IFN-y  recepttvrs  was 
due  to  an  increase  in  transcriptional  activ  ity  of  the  IFN-y 
receptor  gene  in  THP-1  cells  (43).  Whether  lL-1  is  simi¬ 
larly  upregulating  the  gene  expression  for  the  IFN-y  re¬ 
ceptor  remains  to  be  tiscertained. 

The  exposure  of  cells  to  IL- 1  irr  TNF-a  had  to  antecede 
or  be  simultaneous  with  IFN-y  to  obtain  enhanced 
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HLA-DR  expression  and  the  increase  in  IFN-7  receptor 
induction  anteceded  increases  in  HLA-DR  expression. 
Furthermore,  the  induction  of  HLA-DR  expression  was 
inhibited  by  cycloheximide  (out  unpublished  observation) 
suggesting  that  new  protein  synthesis  is  required  for  the 
enhancement  of  HLA-DR  expression.  More  studies  are 
needed  to  definitively  show  a  causal  relationship  between 
the  up-regulation  of  IFN-y  binding  and  MHC  class  II 
expression.  However,  this  pathway  does  provide  an  attrac¬ 
tive  means  by  which  IL-1  as  well  as  TNF-a  may  exert 
some  of  their  immunostimulating  effects  and  may  contrib¬ 
ute  to  the  protective  effects  of  !L-1  and  TNF-a  and  up- 
regulation  of  clas.s  II  MHC  by  lL-1  and  TNF-a  recently 
detected  in  normal  and  SCID  mice  (44,  45), 
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